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The test weight or hectoliter weight is an important parameter used to classify the quality of the grain.
Globally, it is evaluated by using 250, 500 or 1000 ml devices. Despite its importance, there is no
standard equipment to assess it in small samples from the research plots. This study aims to test a
newly developed microchondrometer (15.30 ml) in the triticale and oats. A second microchondrometer
(31.26 ml) was also designed to be tested in oats. The performance of the two microchondrometers,
their comparison and relationship with 250 ml commercial chondrometer were analyzed using the t-test
and Pearson's correlation coefficient. The results revealed no significant differences between two
microchondrometers or their relationship with 250 ml chondrometer by t-test (p> 0.05). Based on two-
year evaluations, the correlation between the 250 and 15.30 ml was highly significant (p <0.0001) for
triticale (0.9873), and oats (0.9557 for 15.30 ml device and 0.9448 for 31.26 ml device). The correlation
between 15.30 and 31.26 ml devices was also highly significant (p <0.0001) for oats (0.9399). These
results suggest that in small samples, the 15.30 ml microchondrometer can be used successfully in
triticale and oats to assess its test weight.

Key words: Plant breeding, grain density, genotype screening.

INTRODUCTION

The test weight, or hectoliter weight, is an important
indicator of grain quality in the milling industry. It is also
used to classify the physical quality of cereal grains in
international trade, where a test weight over 76 kg hi™ is
considered minimum for high quality wheat (Protic et al.,
2007). For commercial purposes, a minimum test weight
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of 65.0 kg hl™ is required for triticales (GTA, 2018a) and

52.5 kg hl™ for oats (GTA, 2018b). Test weight analysis is
also conducted in other crops such as millet, pulses,
fiber, fodder, oilseed, and green manures (Deivasigamani
and Swaminathan, 2018). Besides genetic differences
among crop varieties for test weight (llker et al., 2009;
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Igbal et al., 2016; Mut et al., 2018), it is also affected by
environmental factors (Isleib, 2012; Joshi et al., 2018;
Silva et al., 2019; Awulachew, 2020).

Manley et al. (2009) describe two types of devices to
measure test weight. The first is equipped with a funnel to
provide a uniform packaging in a measuring cup of 500
ml (in South Africa and Canada) or 1100 ml (in the USA).
The second is a 500 ml chondrometer used in the United
Kingdom and Australia or of 1000 ml chondrometer used
in Germany and France. For experimental purposes, a
small chondrometer (250 ml) has been used in wheat
(Stagnari et al., 2008; Durazzo et al., 2015; Botelho et al.,
2018), in triticale (Messia et al., 2012; Redaelli et al.,
2015; Kuzmanovic et al., 2020) and in oats (Nava et al.,
2010; Buerstmayr et al., 2007; Martinez et al., 2010; Da
Silva et al., 2015).

The triticale improvement program at the International
Wheat and Maize Improvement Center, CIMMYT, Mexico,
emphasizes to select genotypes with higher grain density
and test weight (Mergoum et al., 2004). A high genetic
diversity and stability for grain production and test weight
in triticale were observed by Barnett et al. (2006). They
believe them to be essential traits for any breeding
program to develop cultivars with high yield and test
weight, as well as adaptation to a wide range of
production environments. Considerable genetic diversity
for the test weight in several geographical areas has also
been reported by Deki¢ et al. (2018), who suggested that
it is possible to select for specific environments.

In oats, the test weight was positively correlated with
the groat percentage and had the highest heritability
values among the grain quality characteristics
(Buerstmayr et al., 2007). They concluded that selection
for better physical appearance of the grains should result
in higher test weight, thereby contributing towards the
development of oat cultivars that combine higher test
weight and earliness. Doehlert and Mcmullen (2008)
reported that test weight has a major impact on the
monetary value of the oats. They revealed that
approximately 78% of the price variation was attributed to
the grain density and the remaining to the packaging
efficiency, which is the proportion of the container
occupied by the grains.

Despite its importance, no specific device has been
built to measure the test weight in small samples from
studies conducted in greenhouses, plant nutrition, pre-
harvest sprouting and crop breeding. Decades ago,
Aamodt and Torrie (1934) emphasized the need to
determine test weight in small samples of wheat and
developed a method by cutting a 25 cm® graduated
cylinder at the 4 cm?® point. Harris and Sibbitt (1941) cut a
graduated cylinder at the appropriate height (4 and 16 ml)
to determine the test weight. Ghaderi et al. (1971)
obtained an excellent correlation (r = 0.982) between the
micro-test and the standard test weight. They used a
small glass jar (47ml) to assess 59 winter soft wheat
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cultivars and concluded that the microtest is a reliable
predictor.

Similarly, Donelson et al. (2002) used a 100 cm3
graduated glass cylinder to measure the test weight in 20
and 40g of wheat samples. They reported that 40g
samples had a higher statistical validity compared to the
20g samples, but the method was severely restricted by
wrinkled grains. A few years ago, Stepochkina and
Stepochkin (2015) tested 10 lines of common wheat and
triticale with a very small cylindrical container (2.86 cm® in
volume). They compared the device with standard 250 ml
chondrometer and reported a correlation coefficient of
0.98.

Recently, Okuyama et al. (2020) compared the15.30ml
microchondrometer with the 250 ml chondrometer on fifty
wheat samples ranging from well-formed grains to
severely shriveled and germinated grains. They also
reported a highly significant correlation coefficient (r =
0.99) between the two devices. A vast majority of the
studies reported in the literature have compared different
volumes of graduated cylinders with the standard devices
to determine the test weight in wheat. The present study
was carried out to confirm the feasibility of using a 15.30
ml microchondrometer in triticale, as well as 15.30 and
31.26 ml in oats to assess their test weight.

MATERIALS AND METHODS

The 15.30 and 31.26 ml microchondrometer were built using the
250ml Dalle Molle® chondrometer as a standard reference (Figure
1). The respective specifications of the 15.30, 31.26 and 250 ml
chondrometers are as follows: total height (cm): 18.60, 19,50,
39.00; total weight (g): 639.60, 342,61 and 949.32; external
diameter (mm): 28.49, 28,56 and 56.18; cutting bar (g): 16.43,
21,98 and 70.55; piston volume (cm®): 3.59, 7,64 and 61.58,
respectively.

Two experiments were conducted to test the efficacy of new
microchondrometers to measure the test weight in small samples of
triticale (Triticosecale Wittmack) and oats (Avena sativa L.). The
research was carried out at the Instituto Agronémico do Parana
(IAPAR), Londrina, Brazil, in 2016 and 2017.

In the first experiment, the efficacy of the 15.30 ml
microchondrometer was evaluated using sixty-six triticale samples
in the first year and forty-four samples in the second year of the
study. The second experiment was conducted to test two
microchondrometers (15.30 and 31.26 ml) in thirty-five and
nineteen oat samples, in the first and second year, respectively.
The grain samples used in the two experiments, approximately one
kg each, were obtained from experimental plots and farmers' fields.
Some of these samples were forced to sprout in a mist chamber for
a period of 24, 30 and 48 h in order to obtain contrasting values of
test weight. The test weight was determined by weighing the
grains, contained inside the cylinder, on a digital scale (Marte®
AS2000; 0.01 g.), and multiplying it by 6.5359, 3.1990, and 0.40,
respectively for the 15.30, 31.26 and 250 ml chondrometers.

The first experiment on triticale, consisted of three replications,
and compared between 15.30 and 250 ml chondrometers. The
second experiment on oats (with tips of grains clipped off) was
conducted, in five replications, and compared among 15.30, 31.26
and 250ml chondrometers. All comparisons were analyzed by the
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Figure 1. From left to right, the 15.30 ml and the 31.26 microchondrometers and the 250 ml chondrometer, with its

respective pistons and cutter bars.

Pearson’s correlation coefficient and by the Student t test using
Microsoft Excel 2013 software and SAS package (SAS, 2001).

RESULTS

A wide range of the test weight values, over a two-year
period, were observed in the triticale grain samples under
study. Measured with the 250 ml commercial
chondrometer, these values ranged from 49.92 to 73.73
kg hI™ in the first year, and from 58.09 to 71.93 kg hI™* in
the second year (Table 1). The Student t-test conducted
to compare the two chondrometers (250 ml and 15.30 ml)
over a two-year period did not show any significant
difference (p> 0.05) among their performance (Table 2).

The correlation between test weights measured by the
250 and 15.30 ml chondrometers in triticale was highly
significant (p< 0.0001) with values of 0.9907 and 0.9743
for the first and second year, respectively.

Combining triticale samples from both years, the
Student t-test between the two chondrometers (250 and

15.30 ml) did not show any significant difference (p>
0.05) (Table 2). On combined samples, the correlation
between the test weight measurements of 250 ml
chondrometer and 15.30 ml microchondrometers was
highly significant (p <0.0001), with r values of 0.9873. In
the experiment on oat samples, the test weight values
measured with the commercial 250 ml chondrometer
ranged from 46.82 to 60.16 kg hl™* in the first year and
from 42.72 to 53.28 kg hl™ in the second year (Table 3).
In oats, a comparison among the three chondrometers
(250, 15.30 and 31.26 ml) to measure test weights over a
two-year period, did not show any significant difference
(p> 0.05) among their performance (Table 4). The
correlation between test weights measured on the 250 ml
chondrometer with 3126 ml and 1530 ml
microchondrometers in oats were highly significant (p
<0.0001), with values of 0.9510, 0.9525 and 0.9076,
0.9181 for the first and the second year of tests,
respectively. Furthermore, the correlation between the
31.26 and 15.30 ml microchondrometers was also highly
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Table 1. Mean, standard deviation (SD), sum, minimum (min) and maximum (max) values of triticale samples measured by 15.3

ml and 250 ml chondrometers.

Simple Statistics

Chond t - -
Year Number of ondrometer Test weight (kg hl™)
samples volume (ml) -
Mean SD Sum Min Max
2016 66 15.3 62.61 6.19 4132 49.83 75.27
250 61.94 6.07 4088 49.92 73.73
15.3 65.66 4.17 2889 57.19 73.87
2017 a4 250 65.23 3.83 2870 58.09 71.93
. 15.3 63.83 5.65 7021 49.83 75.27
11

Combined 0 250 63.25 551 6958 49.92 73.73

Table 2. Test weight, standard deviation and significance of the t-test of triticale grains, evaluated by the 250 ml and the

15.30 ml chondrometers.

Vear Number of Test weight (kg hl™) 250 ml vs. 15.30 ml

samples 15.30 ml 250 ml t-test Prob. Signif.
2016 66 62.61 61.94 0.63 0.5286 ns
2017 44 65.66 65.23 0.50 0.6194 ns
Combined 110 63.83 63.26 0.76 0.4461 ns

ns = non-significant (p> 0.05). Comparison in each row.

Table 3. Mean, standard deviation (SD), sum, minimum (min) and maximum (max) values of oats samples measured by

15.30 ml, 31.26 ml and 250 ml chondrometers.

Simple statistics

Year Number of Chondrometer volume Test weight (kg hl'l)
samples (ml) -
Mean SD Sum Min Max
250.00 53.41 2.538 1869 46.82 60.16
2016 35 31.26 53.14 2.530 1860 47.88 59.03
15.30 52.52 2.657 1838 45.73 58.18
250.00 49.21 2.287 935.1 42.72 53.28
2017 19 31.26 50.18 2.357 953.3 44.00 53.69
15.30 49.01 2.532 931.2 42.82 53.44
Combined 250.00 51.94 3.163 2805 42.72 60.16
54 31.26 52.10 2.834 2813 44.00 59.03
15.30 51.29 3.094 2770 42.82 58.18

significant (p <0.0001), with r-values of 0.9189 and
0.9203 for the first and second years, respectively.
Combining the oat test weight data from two years, the
Student t-test among the chondrometers (250 and 15.30
ml), (250 and 31.26 ml) and (31.26 and 15.30 ml) did not

show any significant difference (p> 0.05) (Table 4). The
correlation values of 250 ml chondrometer with 31.26 and
15.30 ml microchondrometers were highly significant (p
<0.0001); with r values of 0.9448, 0.9557, respectively.
Furthermore, the correlation between the 31.26 and
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Table 4. The test weight comparison (by t-test) of the oat samples evaluated with the 15.30 ml, the 31.26 ml and the 250 ml

chondrometers.
Chondrometer Chondrometer
Chondrometer
Number of Test Test
Year . Volume .
samples Volume (ml) weight (mi) weight t-test
(kg hi™) (kg hI™)  tvalue Prob. Signif
250.00 53.41 31.26 53.14 0.45 0.6538 ns
2016 35 250.00 53.41 15.30 52.52 -1.43 0.1573 ns
31.26 53.14 15.30 52.52 -0.99 0.3247 ns
250.00 49.21 31.26 50.18 -1.28 <0.2102 ns
2017 19 250.00 49.21 15.30 49.01 -0.26  <0.7967 ns
31.26 50.18 15.30 49.01 -1.47  <0.1510 ns
250.00 51.94 31.26 52.10 -0.28 0.7807 ns
Combined 54 250.00 51.94 15.30 51.29 -1.07 0.2850 ns
31.26 52.10 15.30 51.29 -1.42 0.1598 ns

*ns = non-significant (p> 0.05). Comparison in each row.

15.30 ml microchondrometers was also highly significant
(p <0.0001), with r-values of 0.9399.

DISCUSSION

In our earlier study on wheat, it was concluded that 15.30
ml microchondrometer was able to predict the
commercial test weight (measured by 250 ml
chondrometer) for a wide variety of wheat grain types,
forms and densities (Okuyama et al., 2020). Based on
this study and considering the similarity between wheat
and triticale grains, except for grain density, we decided
to further confirm its versatility in triticale as well as in oat
grains.

In general, the triticale grains have lower test weight
than wheat. The test weight of the samples under study
and measured by the commercial 250 ml chondrometer,
ranged from 49.92 to 73.73 kg hi™ in the first year and
from 58.09 to 71.93 kg hi™ in the second year (Table 1). It
should be pointed out that 65 kg hl-1 is the minimum test
weight value for triticale commercialization in Brazil
(Brasil, 1983), and in Australia (GRDC, 2018). Although
the triticale samples varied widely, from sprouted kernels
to well-formed grains, no significant differences (p> 0.05)
in their test weight values were observed when measured
on the commercial (250ml) chondrometer or the new
prototype (15.30ml) microchondrometer (Table 2). The
correlation between the two devices was found to be
highly significant (p <0.0001), with r-values of 0.9907 and
0.9743 for the first and second year, respectively. For
combined data of two-years, the correlation between

them was also highly significant (p <0.0001), with value of
0.9873.

In their study on fifty-nine wheat lines and cultivars,
Ghaderi et al. (1971) concluded that the micro-test
(evaluated in a 47 ml glass bottle) was a reliable predictor
of the test weight (r=0.982). Supporting their results, we
also confirm the versatility of the 15.30 ml
microchondrometer, to be useful in all experiments
producing insufficient grain volume, to determine the test
weight by traditional methods. For oats, their irregular
size and shape of grains influence their packing in the
test weight measuring container (Forsberg and Reeves,
1992). In order to explore the usefulness of the two
microchondrometers (31.26 ml and 15.30 ml) to measure
the oat test weight correctly, they were compared with the
250 ml chondrometer.

When evaluated with the 250 ml commercial
chondrometer, the hectoliter weight for oat samples
under study ranged from 46.82 to 60.16 kg hi™ in the first
year and from 42.72 to 53.28 kg hi™ in the second year
(Table 3). For trading purposes, the standard test weight
values in oats are as follows: group 1: > 50 kg hI™*; group
2: from 47 to 49 kg hl™; group 3: from 41 to 46 kg hI™*
and; group 4: <41 kg hl™* (Brasil, 1975). For international
export, a minimum test weight value of 52.5 kg hI™* is
required (GTA, 2018b). The comparison of the 250 ml
chondrometer with the 31.26 and 1530 ml
microchondrometers, as well as between the 15.30 with
31.26 ml microchondrometers revealed no significant
difference in the test weight values of oat samples over a
two-year period of the study (Table 4).

The correlations of the 250 ml chondrometer with 31.26



and 15.30 ml microchondrometers were highly significant
(p <0.0001), with values of 0.9510, 0.9525 and 0.9076,
0.9181 for the first and second years, respectively.
Similarly, the correlation between the 31.26 and 15.30 ml
microchondrometers was also highly significant (p
<0.0001), with values of 0.9189 and 0.9203 for the first
and second years, respectively.

In a combined analysis for two years, both the 31.26
and 15.30 ml microchondrometers correlated highly (p
<0.0001) with the commercial 250 ml chondrometer, with
r values of 0.9448, and 0.9557, respectively. Similar
relation was observed between 31.26 and 15.30 ml
microchondrometers, which was also highly significant (p
<0.0001), with r value of 0.9399. Although the correlation
values among the devices were slightly lower in oats than
those reported in triticale, they were much higher than the
values in wheat reported by Aamodt and Torrie (1934).
These authors obtained a correlation of 0.834 for 59
samples of winter wheat and concluded that for practical
purposes the differences were very small and
insignificant. Therefore, we are confident that the 15.30
and 31.26 ml microchondrometers can be used to
determine the test weight in oats in a wide range of grain
conditions.

The differences in the correlation values obtained
between the triticale and oat samples analyzed in this
study can be caused by the differences in the size and
shape of grains of the two crop species. Yet, the new
microchondrometers permit their evaluation successfully
under wide range of conditions. We believe its versatility
to be very useful in the retention or discarding the
genotypes that fail the minimum quality standard
demanded by the market. It is worth emphasizing that the
31.26 and 15.30 ml microchondrometers are easier to
handle than those manufactured by Taylor (1965). There
is no limitation with respect to their utility in severely
shrunk kernels, as observed by Donelson et al. (2002)
and there is no need to compress or level the samples,
as suggested by Stepochkina and Stepochkin (2015).

We reemphasize that the 15.30 and 31.26
microchondrometers were not built with the intention to
replace the 250 ml commercial chondrometer, but as an
option to assess the test weight in very small samples.
We confirm that both of the microchondrometers reported
in this study represent valid options for assessing the test
weight in the research projects, especially in the
evaluation of individual plants and greenhouse
experiments, where the sample size is a limiting factor.

Conclusion

The highly significant correlation coefficient between the
250 ml chondrometer and the 15.30 ml
microchondrometer in triticales and oats, as well as with
the 31.26 ml microchondrometer in oats confirms the

Okuyama et al. 1447

usefulness of these microchondrometers as an excellent
alternative to evaluate the test weight in small samples in
these crops. Given the lack of significant differences
between the 1530 ml and the 31.26 ml
microchondrometers in oats, it is possible to choose the
smaller version, due to the lesser amount of grain needed
to evaluate the test weight.
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